Objective: To provide an overview of the demographic characteristics of adult motorcycle riders with alcohol-related hospitalizations. Methods: Data obtained from the Trauma Registry System were retrospectively reviewed for trauma admissions at a level I trauma center between January 1, 2009 and December 31, 2013. Out of 16,548 registered patients, detailed information was retrieved regarding 1,430 (8.64%) adult motorcycle riders who underwent a blood alcohol concentration (BAC) test. A BAC level of 50 mg/dL was defined as the cut-off value for alcohol intoxication. Results: In this study, alcohol consumption was more frequently noted among male motorcycle riders, those aged 30-49 years, those who had arrived at the hospital in the evening or during the night, and those who did not wear a helmet. Alcohol consumption was associated with a lower percentage of sustained severe injury (injury severity score ≥25) and lower frequencies of specific body injuries, including cerebral contusion (0.6; 95% confidence interval Conclusions: Motorcycle riders who consumed alcohol presented different characteristics and bodily injury patterns relative to sober patients, suggesting the importance of helmet use to decrease head injuries in alcohol-intoxicated riders.
Background
Motorcyclists are extremely vulnerable road participants who are exposed to severe and often fatal injuries. They are reportedly 8 times more likely to be injured per vehicle mile and 35 times more likely to die in a motor vehicle traffic crash than are automobile passengers [1] . These findings are of particular concern because the average age of motorcyclists is increasing [2] . In Taiwan, motorcyclists comprise a major portion of the trauma population; nearly 60% of all driving fatalities involve motorcycles [3] . Therefore, the identification of high-risk injury patterns may be beneficial in terms of improving the care and final outcomes of trauma patients admitted to hospitals [4] .
Risky drinking has been consistently and strongly associated with higher frequencies of emergency department visits and hospitalizations [5, 6] . In trauma patients, alcohol intoxication may lead to a higher preclinical mortality, impact of speed differences, and injury severity [7] . At lower blood alcohol concentration (BAC) levels, motorcyclists are more often involved in crashes than are car drivers [8] . Nearly 60% and 40% of car and motorcycle driver fatalities, respectively, involved alcohol consumption [9] , which even at doses as low as 10-40 mg/dL can impair driving performance [10] . Furthermore, the risk of involvement in a fatal accident increases exponentially with the driver's BAC level [11] .
However, Mann et al. explained that higher BAC levels might lead to less severe injuries without impacting mortality or the length of hospital stay (LOS) [12] . The odds ratio (OR) of collision between motorcyclists and unexpected pedestrians in an urban scenario increased 3-fold at a BAC of 0.02% relative to sobriety [13] . Furthermore, hazard perception ability, measured by responses to a peripheral detection task, was impaired following alcohol consumption [13] . Riding performance and hazard perception ability were shown to be impaired at a BAC of 0.05% [13] . Considering that almost all motorcycles are forbidden on highways in Taiwan and other Asian cities and that most traffic accidents occur in relatively crowded streets and at low velocities in these cities, the impact of alcohol intoxication on motorcycle injuries in Taiwan differs from that observed in Western countries and should be reevaluated. Therefore, the purpose of this epidemiologic study was to investigate the injury patterns, severity, and mortality of adult patients hospitalized for alcohol-related injuries sustained in motorcycle accidents at a level I trauma center in southern Taiwan.
Methods

Study design
The study was conducted at Kaohsiung Chang Gung Memorial Hospital, a 2400-bed facility and level I regional trauma center that provides care to trauma patients primarily from the southern region of Taiwan. The Chang Gung Medical Foundation Institutional Review Board approved this study prior to its commencement (approval number 103-3628B). A retrospective study was designed to review all patients whose data were entered into the Trauma Registry System between January 1, 2009 and December 31, 2013. Out of 16,548 registered patients, 1,430 (8.64%) adult motorcycle riders and passengers (both referred to as riders hereafter) underwent a BAC test. Patients who did not undergo the BAC test were excluded from the study. A BAC level of 50 mg/dL, the legal limit for drivers in Taiwan, was defined as the cut-off value. Therefore, patients with a BAC level ≥50 mg/dL at the time of arrival at the hospital were considered intoxicated and were included in the study for further analysis. Detailed patient information was retrieved from the Trauma Registry System of our institution and included the following variables: age, gender, vital signs upon admission, arrival time at the hospital, injury mechanism, BAC levels upon arrival, Glasgow coma scale (GCS), abbreviated injury scale (AIS) of each body region, injury severity score (ISS), new injury severity score (NISS), trauma-injury severity score (TRISS), associated injuries, LOS, length of intensive care unit stay (LICUS), and inhospital mortality rate. The first GCS score recorded in the emergency department was used in the analysis to minimize the effect of alcohol metabolism over time. Data collected regarding the populations of motorcycle riders with a positive BAC (n = 601, 42.0%) were compared to data from those with a negative BAC (n = 829, 58.0%) using SPSS v. 20 
Results
The mean ages of patients with positive and negative BAC levels were 39.2 ± 11.7 years and 39.5 ± 14.1 years, respectively (Table 1) . After age stratification (by decade), a positive BAC was more frequently observed among patients aged 30-49 years and a negative BAC was more frequently observed among those aged 20-29 years and ≥50 years. A positive BAC was significantly associated with gender and the time of arrival at the hospital. Of the 601 patients with a positive BAC, 89.4% (n = 537) were men and 10.6% (n = 64) were women. Of the 829 patients with a negative BAC, 64.7% (n = 536) were men and 35.3% (n = 293) were women. Most patients with a positive BAC arrived at the hospital in the evening (17:00-23:00) and during the night (23:00-7:00); most patients with a negative BAC arrived during the daytime (7:00-17:00). When patients were analyzed with respect to helmet use, for which data were recorded for 96.3% of patients with a positive BAC and 95.1% of patients with a negative BAC, the percentage of drivers who wore a helmet was significantly higher among those with a negative BAC than among those with a positive BAC (78.2% vs. 68.4%; p = 0.000). In addition, the percentage of riders who had not worn a helmet was significantly higher among drivers with a positive BAC than among those with a negative BAC (24.1% vs. 13.0%; p = 0.000). In contrast, no significant difference regarding helmet use was observed between motorcycle passengers with positive and negative BAC levels. The mean BAC levels of injured adult motorcycle riders admitted to the trauma center with negative and positive BAC levels were 6.4 mg/dL (range: 0-49.8 mg/dL) and 193.1 mg/dL (range: 50-443.1 mg/dL), respectively. The mean BAC level among patients with a positive BAC was nearly 4 times the legal limit permitted for drivers in Taiwan.
As shown in Table 2 , the GCS score was significantly lower among patients with a positive BAC than among those with a negative BAC (12.1 ± 3.9 vs. 12.9 ± 3.6; p = 0.003); however, the difference was <1 point. The incidence of unclear consciousness (GCS score ≤8) was significantly higher among patients with a positive BAC than among those with a negative BAC (20.3% vs. 16.2%; p = 0.004). The percentage of patients with a GCS score of 9-12 was also significantly higher among patients with a positive BAC than among those with a negative BAC (15.8% vs. 10.0%; p = 0.001). In contrast, the percentage of patients with a GCS score ≥13 was significantly higher among those with a negative BAC than among those with a positive BAC (73.8% vs. 63.9%; p = 0.000). According to the AIS, patients with a positive BAC had a higher rate of facial injury than did those with a negative BAC ((45.6% vs. 39.7%; p = 0.026). The frequencies of injuries to the head/neck, thorax, abdomen, and extremities did not significantly differ between these 2 groups. Alcohol consumption was associated with a lower ISS (12.9 ± 9.3 vs. 14.1 ± 10.0; p = 0.059) and NISS (15.4 ± 11.1 vs. 16.5 ± 11.9; p = 0.052) than was sobriety, although these difference were not significant. However, no differences were observed between the positive and negative BAC groups in terms of the TRISS (0.933 ± 0.155 and 0.931 ± 0.157, respectively; p = 0.910) or in-hospital mortality rate (3.2% and 4.9%, respectively; p = 0.097). When the patients were stratified according to the ISS (i.e., <16, 16-24, and ≥25), an ISS ≥25 was more common among patients with a negative BAC than among those with a positive BAC (15.3% vs. 10.1%; p = 0.004).
Alcohol use was not associated with the LOS in patients with a positive or negative BAC (12.0 days and 13.2 days, Table 3 ). In addition, alcohol use was not associated with the percentage of patients admitted to the ICU in the positive or negative BAC group (36.8% vs. 40.9%, respectively; p = 0.115); however, in the subgroup of patients with an ISS of ≥25, patients with a negative BAC had a longer LICUS than did those with a positive BAC ((13.0 days vs. 9.9 days; p = 0.029). No difference in the LICUS was observed between these 2 groups for the ISS <16 and 16-24 categories. To summarize, there were more patients with a negative BAC and ISS ≥25, and these patients had a longer LICUS. In addition, no significant difference was observed in mortality between the positive and negative BAC groups, regardless of injury severity. Injuries associated with motorcycle accidents are shown in Table 4 Figure 1) .
In subsequent analyses, we focused on accidents associated with helmet use among motorcycle riders with a positive BAC (Table 5 ). We found that 424 patients did and 155 patients did not wear a helmet in these alcoholrelated motorcycle accidents. 
Discussion
In this study, we analyzed the demographics and characteristics of alcohol-related motorcycle injuries in a population of adult patients at a level I trauma center. As expected, a positive BAC was more frequently noted among male patients, those aged 30-49 years, those who arrived at the hospital in the evening or during the night, and those who did not wear a helmet. In addition, patients who consumed alcohol before their injury were more likely to suffer a facial injury and have a lower initial GCS as determined upon presentation at the emergency department.
Motorcycle riders with a positive BAC had less severe injuries (ISS ≥25) than did riders with a negative BAC. In addition, alcohol-intoxicated motorcycle riders had decreased ORs for cerebral contusion, lung contusion, lumbar vertebral fracture, humeral fracture, and radial fracture when compared with sober patients. However, this does not mean that alcohol consumption protects patients from sustaining severe injuries. Although the legal BAC limits differ from country to country, motorcycle riders are typically subjected to the same limits as car drivers [13] ; however, the level of skill required to ride a motorcycle or drive a motor vehicle under the influence of the same alcohol concentration should also be considered. Alcohol-related accidents differ distinctly from non-alcohol-related crashes, and inattention is the strongest contributing factor to these accidents [14] . Motorcycle riding performance and hazard perception were shown to be impaired at a BAC of 0.05% [13] . Riders who consume alcohol are more likely to lose control of the motorcycle by driving off the road, be involved in a single vehicle accident, violate traffic control signals, and be involved in non-intersection collisions [14] . Although the relationship between a low BAC and riding performance is reported to be complex, evident impairment of some riding performance measures has been observed at a BAC of 0.02% but no effects, even positive ones, were demonstrated for other riding performance measures [13] . In this study, the mean BAC among patients with a positive BAC was nearly 4 times the legal limit permitted for driving in Taiwan, indicating that the riding performance in these patients was obviously impaired relative to patients with a negative BAC. Therefore, motorcycle riders who consume alcohol may tend to be involved in accidents in crowded cities and have a lower percentage of severe injury and lower frequency of specific body injuries when compared with sober motorcycle riders.
Alcohol consumption is among the most important personal risk factors for serious and fatal injuries and contributes to approximately one-third of all deaths due to alcohol-intoxicated trauma accidents [15] . Alcohol intoxication has also been described as resulting in increased mortality during the clinical course [15, 16] . Motorcycle riders have an estimated 3-fold higher fatality risk at a BAC of 0.03% (95% CI = 2.8-3.5) and a 20-fold higher fatality risk at a BAC of 0.08% (95% CI = 15.0-27.3), compared with sober riders [17] . An age >60 years, lack of a helmet, driving after alcohol consumption, and driving without a valid license have been determined as factors influencing the high frequency and risk of motorcycle death [3] . Head trauma was found to be the most frequent and severe injury type among motorcycle accident cases in which alcohol consumption was the most significant factor [18] . Traumatic brain injury (67%) and hypovolemic shock (38%) have been reported as the most frequent causes of death in such cases [18] . The present study further revealed that a significant percentage of alcoholintoxicated motorcycle riders did not wear a helmet, leaving them at an increased risk of head region injury. Although the serum ethanol level has been shown to be associated independently with either increased [19, 20] or decreased mortality in patients with traumatic brain injuries [21, 22] , some authors have reported that the risk of fatality among patients with a brain injury was significantly reduced if the patients were intoxicated (BAC ≥200 mg/dL) before the injury [23] . In the present study, the mortality rates of patients with positive and negative BAC levels did not significantly differ, regardless of the ISS (i.e., <16, 16-24, and ≥25). Our study observation was similar to that of a previous report in which the mortality risk was not higher in patients with a positive BAC [23] .
Although there a mandatory law for the motorcycle rider to wear a helmet in Taiwan, the motorcyclists or passengers who are intoxicated and uninsured are less likely to wear a helmet [24] . In Los Angeles, motorcyclists who consumed alcohol were half as likely to wear a helmet, compared with nondrinkers [25] . Similar results were also observed in the present study, in which sober motorcycle drivers were significantly more likely to wear a helmet than were alcohol-intoxicated drivers. However, the helmet status did not significantly differ among motorcycle passengers. The effectiveness of helmets for reducing the risk of crash-related severe head injury in motorcyclists is well established [26] . In addition, an increased risk of adverse facial injury outcomes were observed for riders with non-fixed helmets relative to those with fixed helmets (adjusted OR = 2.10; 95% CI = 1.41-3.13) [26] . According to our analyses regarding helmet status among motorcycle riders with a positive BAC, alcohol-intoxicated riders who wore a helmet had a significantly lower OR for sustaining a cranial fracture, epidural hematoma, subdural hematoma, subarachnoid hemorrhage, or cerebral contusion. Although several preventive measures exist, wearing a helmet has particularly been shown to protect against head injuries and can be cost-effective if proposed as a regulated bylaw for motorcyclists [27] [28] [29] . In an analysis of 858,741 traffic deaths in the United States during a 20-year period, the mortality rates attributed to each of the following risk factors decreased by the corresponding percentages: no motorcycle helmet, 74%; alcohol, 53%; not wearing a seat belt, 49%; and lack of an air bag, 17% [30] . Therefore, education and prevention strategies may provide benefits by targeting high-risk populations [24] .
The limitations of this study include the use of a retrospective design and the lack of data regarding the circumstances of the injury mechanism and the decision-making in dealing with the associated injuries [31] . The lack of data regarding the motorcycle speed during accidents, type of motorcycle, type of helmet material, and use of any other protective materials prevented an analysis of motorcycle-related hospitalization according to exposurebased risks. Furthermore, although rare in Taiwan, the combination of psychoactive drug and alcohol use may further increase the risk of an accident. BAC measurements are the most commonly used method to determine whether trauma patients have consumed alcohol, and all drivers involved in traffic accidents are legally compelled to undergo a test to estimate their BAC; however, a few patients may have refused to undergo an actual BAC test after alcohol consumption was confirmed using a breathalyzer. Accordingly, these patients might have been included in an incorrect analytical category because the breathalyzer results had not been noted in the medical records; however, in our experience, such cases are rare.
Conclusion
In summary, alcohol consumption was more frequently noted among male motorcycle riders, those aged 30-49 years, those who arrived at the hospital in the evening or during the night, and those who did not wear a helmet. Patients who had consumed alcohol had a lower likelihood of sustaining a severe injury (ISS ≥25) and a lower frequency of specific body injuries. In addition, alcohol-intoxicated motorcycle riders who wore helmets had significantly lower frequencies of cranial fracture, epidural hematoma, subdural hematoma, subarachnoid hemorrhage, and cerebral contusion.
